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(54) A method for producing a cross-flow heat-exchanging device and a heat-exchanging device 
produced according to such a method 



(57) A method for producing a cross-flow heat 
exchanger includes the steps of cutting, folding up, 
stacking and joining along the folded -up edges (55,66) a 
plurality of thin metal foils (50) and of a subsequent 
overmoulding with a polymer material so as to form the 
frame-shaped head portions (63) enclosing the inlets 
and the outlets of the channels (61) provided for one of 
the two media. The method is characterized by a punch- 
ing step so as to obtain on the said foils (50) rows of 
impressions (57) and holes (56,58) to which, during the 



same and single overmoulding phase, transverse and 
longitudinal ribs (53,54) as well as the two frame- 
shaped head portions (63) and the sealed walls (51,52) 
of the channels (61 ,62) of the two fluids remain atached. 
The heat exchanger, which can advantageously be 
used as an air cooled steam condenser in a domestic 
dothes dryer, is thermodinamtcally efficient, has a low 
cost and is suitable for a mass production. 




CL 
LLi 



Printed by Rank Xerox (UK) Business Services 
2.14.3/3 4 



1 



EP0 774 637A2 



2 



Description 

SCOPE OF THE INVENTION 

The present invention refers to a method for pro- 
ducing a cross-flow heat-exchanging apparatus, in par- 
ticular one adapted to condense steam in a clothes 
drier, as well as a heat-exchanging device produced 
according to such a method. 

Throughout this patent specification, the term 
"clothes drier" is used to also mean any such other 
domestic appliance capable to carry out after the auto- 
matic washing of a washload (e.g. clothes or tableware), 
a dying cycle to dry the same washload, while the term 
"steam" is used to also mean the moisture-laden air 
which is removed from the washload during such a dry- 
ing operation. 

STATE OF THE ART 

The steam that is removed from the clothes being 
dried in modern clothes driers is caused to be con- 
densed by the use of fresh air, sucked in from the ambi- 
ent, as the cooling medium, rather than exhausting it 
into the ambient or the outside atmosphere. The heat 
exchanging devices used to such a purpose have to 
meet a number of different requirements, such as high 
efficiency, low space occupancy, corrosion resistance 
and low cost 

EP- A-0 429 953 and DE 42 37 11 7 A1 may be cited 
among the patent specifications dealing with or describ- 
ing cross-flow condensing devices for use in such appli- 
cations. 

In the steam condensing device illustrated in EP-A- 
0 429 953, the walls of the channels of one of the two 
media (i.e. steam) are made using a plurality of appro- 
priately cut and bent flexible sheets of plastic material 
which are connected to each other by means of mount- 
ing frames that are again made of plastic material, albeit 
rigid. These frames form the walls and. at the same 
time, the inlet sections of the channels of the other of 
said two media (i.e. air) and are adapted to be superim- 
posed. Such a condenser construction has a poor ther- 
modynamic efficiency, since all of its component parts 
are made using materials with a low thermal conductiv- 
ity, and is furthermore excessively expensive to manu- 
facture. 

The condensing device disclosed in DE 42 37 1 17 
A1 comprises a stack of aluminium tubes and two head 
portions which are made of a polymer material with a 
low linear shrinkage property and are formed into a 
frame-like shape. The vertical spacings provided 
between a tube and the next one form the channels for 
one of the two media (i.e. steam). The head portions, 
which are obtained by overmoulding the plastic material 
directly onto the free ends of the tubes, form in turn the 
inlet and outlet sections of the second medium (i.e. air). 
The critical points of such a construction are as follows. 



The free ends of the aluminium tubes need under- 
going an additional mechanical processing in order 
to allow for the insertion of the male portion of the 
mould for the frames to be overmoulded thereonto. 

5 The wall thickness of the tubes must be relatively 
strong (orientatively from 0.5 to 0.8 mm) since the 
free edges of their end portions must be flared in 
order to allow for the insertion of the male portion of 
the mould. This of course brings about a certain 

10 waste of material (aluminium) and negatively 
affects the thermodynamic efficiency of the steam 
condenser. 

It is practically impossible to obtain a fall, accurate 
75 match between the male and the female portions of 
the mould, so that the free ends of the tubes tend to 
get damaged during overmoulding of the head por- 
tions. Furthermore, there are no means available 
which can effectively be employed to prevent the 
20 free ends of the tubes and the head portions from 
mutually slipping in relation to each other, since 
they cannot be positively secured during over- 
moulding of the polymer material. As a result it can- 
not be ensured that the channels have a perfect air- 
25 tightness, considering also the repeated thermal 
changes which they are subject to, due to the cyclic 
operation of the clothes drier. 

The corresponding production tooling and equip- 
30 merit appear to be rather unreliable. 

SUMMARY OF THE INVENTION 

It therefore is an object of the present invention to 
35 provide an essentially low-cost method for producing a 
heat-exchanging device of the aforementioned type 
which is effective and easy to be manufactured, does 
away with any waste of materials, enables a high ther- 
modynamic efficiency to be reached, thanks also to a 
40 perfect air-tightness of the channels carrying the two 
media. 

It is a further object of the present invention to pro- 
vide a heat-exchanging device of the aforementioned 
type, which is produced in accordance with said method 
45 and is particularly adapted to be used as a steam con- 
denser in a clothes drier. 

These object are advantageously reached by the 
features of the appended claims. 

so SHORT DESCRIPTION OF THE ACCOMPANYING 
DRAWING r 

Figure 1 is a block diagram illustrating the various 
steps of the method according to the present inven- 
55 tion; 

Figure 2 is a schematical view of a preferred 
embodiment of said stack of thin sheet-metal foils; 
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Figure 3 is a partially cut-away overall view of a 
steam condenser for a clothes drier produced 
according to the method of the present invention; 

Figure 4 is a view of only a portion of the same s 
steam condenser as sectioned vertically along the 
IV-IV line of Figure 3; 

Figure 5 is an overall view, similar to the one 
appearing in Figure 3, of a variant of the steam con- 10 
denser for a clothes drier. 

DESCRIPTION OF THE INVENTION 

~~ The method according to the present invention is is 
aimed at maximizing the efficiency w'tth which the two 
media exchange heat between each other, avoiding any 
waste of materials, and simplifying the production tool- 
ing and equipment. It includes, with reference to Figure 
1 , following steps, starting from a coil R of thin alumin- 20 
ium sheet (thickness of approx. 0.2 mm): 

A) Cutting of the coil in order to obtain a plurality of 
thin aluminium planar foils, or sheets, having a sub- 
stantially rectangular shape, in the desired size. 25 

B) Folding bade of the opposite parallel edges of the 
foils in a mutually different direction, e.g. upwards 
along the short sides and downwards along the 
long sides of the foils. 30 



cause said material to penetrate inside said stack 
through the various apertures punched in the foils 
so as to form in a single operation: both the trans- 
versal and the longitudinal strips that hermetically 
seal the steam and cooling air channels at the 
fotded-up edges of the metal foils; a plurality of ribs, 
aimed at strengthening the stack of metal foils, 
extending in the stack along the afore menti ned 
rows of impressions cupped in the foils; the frame- 
shaped head portions which enclose the inlets and 
the outlets of the channels provided for one of the 
two media; a handgrip with which the condenser is 
provided. 

H) Opening of the side walls of the injection mould 
under extraction of the male portions thereof and 
removal of the practically finished steam con- 
denser. 

In order to obtain the steam condenser in the 
variant shown in Figure 5. which will be described 
further on, the following steps, generally of a perse 
known nature, have to be carried out in parallel to 
the above described ones: 

I) Cutting of the thin aluminium sheet coil R to 
obtain the inserts (see below). 

J) Shaping of said inserts according to a fret-like 
pattern. 

Finally, on the already finished steam con- 
denser, i.e. downstream of the above cited step H). 
the following step is carried out: 

K) Pressing of the inserts into the cooling-air chan- 
nels of the condenser, using generally per se 
known techniques and means to this purpose. 

When going through the above cited step D) for 
stacking the rectangular metal foils 10 to form a stack 
20, it appears appropriate to use, as male portions of 
the mould for the injection of the plastic material, spacer 
means consisting of first and second rigid cores 30, 40 
of the type that is shown schematically in Figure 2. 

The first spacing cores 30 are used to form the 
steam channels which extend in the direction of the 
longer side of the foils 10 and consist of two plates 31, 
that are provided in a side-by-side device and are sepa- 
rated from each other by a gap 32, and support gibs 33. 
These gibs 33 are provided with through-holes 34 for 
corresponding clarrjping rods 35 that are connected to 
hydraulic cylinders (not shown) for the actuation of said 
spacing cores 30. 

The second spacing cores 40 are in turn used to 
form the cooling air channels which extend in the direc- 
tion of the shorter side of the foils 10 and consist of 
three plates 41, which are provided in a side-by-side 
device and are separated by two gaps 42, and support 
gibs 43. These support gibs 43 are provided with 
through-holes 44 for corresponding clamping rods 45 



C) Punching of the foils so as to obtain, in each one 
of them, a plurality of apertures, namely : rows of 
countersunk holes along the folded -up edges; at 
least two rows of cupped, perforated impressions 35 
running parallel to the sides of the same foil; two 
through-holes at the points where the above cited 
rows of cupped and perforated impressions meet. 

D) Stacking of an even number of foils arranged in 40 
such a manner that the folded-up edges of two 
adjoining foils are substantially superimposed. 

E) Mutual joining together of the adjoining pairs of 
foils by making use of the countersunk holes pro- 4$ 
vided along the folded-up edges to this purpose, so 

as to form a stack of metal foils. 

F) Clamping of such a stack in a mould for the injec- 
tion mould ng of polymer materials, said mould hav- so 
ing, in addition to an upper wall and a bottom wall, 
four peripheral or side walls with male portions 
adapted to be inserted in the stack parallel to the 
long sides of the foils, as well as a further appropri- 
ate number of male portions adapted to be inserted 55 
in the stack parallel to the short sides of the foil. 

G) Overinjection of a polymer material with a low 
linear shrinkage property into said mould so as to 
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that are connected to hydraulic cylinders (not shown) for 
the actuation of said spacing cores 40. 

The purpose of the spacing cores 30. 40 is to keep 
the thin aluminium foils 10 clamped in position during 
the subsequent overmoulding of the polymer material s 
(step G. see Figure 1). Such a material fills, among 
other things, the gaps 32. 42 between the plates 31,41 
forming the spacing cores 30, and gives therefore rise 
to inner rtos in the stack 20. as this will be explained in 
greater detail further on. Anyway, at the end of the 10 
above described method (step H), i.e. when the injec- 
tion mould is opened, the spacing cores 30. 40 are 
extracted along two perpendicular axes, preferably in 
alternate directions, i.e. the first cores 30 are extracted 
in the directions X1 , X2 and the second cores 40 in the is 
directions Y1, Y2 (Figure 2). 

The method provided by the invention for the over- 
moulding of the polymer material on to the thin metal 
foils offer the considerable advantage that as opposed 
to other constructions known in the art both the struc- 20 
tural rigidity of the steam condenser and the air tight- 
ness of the steam and cooling air channels are thereby 
obtained. Such a structural rigidity enables the steam 
condesning device to be handled and moved without 
any practical restriction during both the subsequent 25 
assembly thereof in a clothes drier and the regular 
cleaning, care and maintenance performed by the user 
on the same clothes drier. The air tightness of the chan- 
nels, both along the walls and at the two head portions 
of the condensing device, contributes to increasing the 30 
efficiency of the heat exchange process. 

Figures 3 and 4 show the design features of a 
steam condenser according to the present invention. 
Such an condenser is in the shape has a box-like con- 
figuration, with a plurality of superimposed rectangular 35 
foils 50 of very thin aluminium joined to each other along 
their folded-up edges according to methods that are 
generally known in the art. The edges 55 along the 
shorter sides are covered by strips 51. whereas the 
edges along the longer sides are covered with strips 52, 40 
all such strips being made of a polymer material. Two 
patterns of transverse ribs 53 and a pattern of longitudi- 
nal ribs 54 ensure, along with the two frame-shaped 
head portions 63. the required rigidity to the stack of thin 
metal foils (see Figure 3). The strips 51 and 52. the ribs 45 
53 and 54. as well as the head portions 63 are made of 
the same polymer material and are obtained, as H has 
been already indicated in the above description, 
through a single overmoulding operation (step G of the 
method according to the invention, see Figure 1 ). so 

Figure 4 illustrates in detail the parts of a steam 
condenser that are obtained through overmoulding of 
the polymer material. The Btrip6 52 remain in close con- 
tact with the folded-up edges 66 on the longer sides of 
the thin metal foils 50 since they cling to the counter- ss 
sunk holes 56 obtained through punching along the 
edges 66 during the step C of the method according to 
the present invention (see Figure 1). The same applies 
to the strips 51 concerning the similar folded-up edges 



55 (not shown in Figure 4) on the shorter sides of the 
thin metal foils 50. This practically ensures the lateral 
tightness of the channels for the steam 61 and the cool- 
ing air 62. In turn, the ribs 53 and 54 ding to the cupped 
and perforated impressions 57 obtained by punching in 
a direction parallel to the edges of the thin metal foils 
and, by intersecting each other, are rigidly restrained to 
one another thanks to two vertical connecting beads of 
polymer material that form over the entire height of the 
stack, at the two through-holes punched in all of the thin 
metal foils, such as the one that is generally referred at 
58 in Figure 4. Also these vertical beads connecting the 
various patterns of ribs to each other are of course 
formed during the single overmoulding step and this 
therefore further contributes to both the structural 
strength and the low production cost of the steam con- 
denser according to the present invention. 

As it has already been described hereabove, and is 
best seen in Figure 3, the same overmoulding step also 
forms a handgrip 66 that enables the steam condenser 
to be temporarily removed from the clothes drier in 
order to be cleaned from contaminants and dirt such as 
lint carried over by the steam and dust carried over by 
the cooling air, that may settle on it during its operation. 
At its head portions 63 the steam condenser is subse- 
quently completed with a pair of peripheral sealing gas- 
kets 64 and tabs 65 for the firm assembly thereof in its 
accomodation site in the clothes drier. These latter 
parts, however, are fully traditional in both their con- 
struction and operation, so they do not need to be 
described here any further. 

The variant embodiment shown in Figure 5, where 
for reasons of greater simplicity the same reference 
numerals are used to indicate all those items that are 
common to the steam condenser shown in Figures 3 
and 4, is characterized by the fret-shaped inserts 70, 
which are pressed into the channels 62 for the cooling 
air after the steam condenser has been formed. The 
afore described optional steps I through to K of the 
method according to the present invention refer actually 
to such a variant of embodiment As compared to the 
steam condenser described above with reference to 
Figures 3 and 4, this variant enables the turbulence of 
the cooling air flow in the channels 62 to be increased 
and, as a result the efficiency of the heat exchange 
process between the steam and the air to be further 
enhanced. 

ft will be appreciated that, additionally to the above 
described one, further variants of embodiment may be 
identified and developed by those skilled in the art with- 
out departing from the pcope of the present invention. 

Claims 

1. A method for producing a cross-flow device for 
exchanging heat between two media, in particular a 
steam condensing device for use in connection with 
a domestic appliance, comprising the steps of: cut- 
ting (A) a plurality of thin planar metal foils or sheets 
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(10, 50) having a substantially rectangular shape; 
folding, up (B) in a mutually different direction the 
opposite edges (55.66) of said thin metal; stacking 
(D) an even number of thin metaJ foils (50) and sub- 
sequent joining together (E) the folded-up edges 5 
(55) of adjoining pairs of thin metal foils, so as to 
form a stack (20); clamping (F) such a stack (20) in 
an injection mould; overmoulding (G) a polymer 
material with a low linear shrinkage property so as 
to form the frame-shaped head portions (63) w 
enclosing the inlets and the outlets of the channels 
(61) provided for one of said two media; said 
method being characterized tn that - 

said thin metal foils (50). prior to the damping is 
of the injection mould, are subjected to a 
punching phase so as to obtain rows of coun- 
tersunk holes (56) along the said folded-up 
edges (55,66); at least two rows of cupped and 
perforated impressions (57) running parallel to 20 
the orthogonal sides of the same thin metal foil; 
through-holes (58) at the points where the 
above cited rows of impressions (57) meet; - 
following items of polymer material are also 
obtained during the same and single over- 25 
moulding step (G): perpendicular strips (51, 
52) that remain attached to said countersunk 
holes (56) which are punched along the folded- 
up edges (55) of the thin metal foils (50); at 
least two patterns of ribs (53, 54) extending 30 
within the stack (20) in a direction perpendicu- 
lar to the planes of the channels (61 , 62) of the 
two media, said ribs (53, 54) remaining 
attached to said cupped and perforated 
impressions (57) and intersecting each other 35 
with at least a bead of polymer material that 
extends over the entire height of the stack (20) 
at said through-holes (58) punched in the thin 
metal foils (50). 

40 

2. A method according to claim 1 , characterized in 
that a handgrip (69) is produced on one of said two 
head portions (63) with the s^me and single over- 
moulding step (G). 

45 

3. A method according to claim 1 or 2, characterized 
in that, in a per se known manner, inserts (70) in 
the form of appropriately shaped fins or the like are 
forced into the channels (62) provided for one of the 

two media so as to increase the flow turbulence of so r 
said medium and, as a result to enhance the ther- 
modynamic efficiency. 

4. A cross-flow device for exchanging heat between 
two media, particularly suitable for use as a steam ss 
condenser in a clothes drier, characterized in that 

it is produced in accordance with any of the preced- 
ing claims. 
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